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Wh at is c l a imed is ; 
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A catadioptr|_c optical system comprising: 
a first imaging optical system for forming an 
intermediate image \\of a first plane surface; 

a second imaging optical system for forming a final 
image of said firstlplane surface onto a second plane 
surface which is substantially parallel to said first 
plane surface; 

a catadioptric type optical system disposed in the 
optical path from sal*€|f irs tV>lane surface to said second 
plane surface andAnc|uding/ a f irst^pef lecting surface 


which reflects light coming from through said first plane 

nd reflect 


surface and a sec 
light reflected b 


^looting surface for directing the 
^aidfffirst reflecting surface toward 


said second plane surface, at least one of said first and 


i 
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second reflecting surfaces being a concave reflecting 
surface; and 

all of the optical Velements of said catadioptric 
optical system being dispensed on a single linear optical 
axis . 


25 


2. A catadioptric optical system according to claim 
1 , wherein said first imaging optical system includes said 
catadioptric type optical syLtem, and said second imaging 
optical system includes a refraction type optical system. 


A catadioptric optical ^system according to claim 
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1, wherein said first imaging optical system includes 
a lens group including at least one positive lens element 
and said catadiofotric type optical system, and said second 
imaging optical system includes a refraction type optical 
system and has an aperture diaphragm. 


10 


15 


4 . A catadioptAc optical system according to claim 
1, wherein an exit^pupil of said catadioptric optical 
system is substantiaJfiy^Gircular . 


5 . A catadioptric optical system according to claim 
1 # wherein the |f ollowijig/ condition is satisfied 
0 . 04< | fMU| /L<0 . 4 

\ngth of said concave reflecting 


wherein fMl is a\£oc 


surface of said first orYsecond reflecting surface, and 

\\ 

L is a distance along theuoptical axis from said first 
surface to said second surface. 
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6. A catadioptric opticalv* system according to claim 
1, wherein the following condition is satisfied; 

0.6< | j3 Ml | <20 
wherein /3M1 is a magnification of said concave 
reflecting surface of said firs^t or second reflecting 
surface . 

7 . A catadioptric optical systeiS^according to claim 
1, wherein the following condition i\s satisfied: 


0.3< I j3ll<1.8 

wherein /3 1 is\ a magnification of said first imaging 
optical system, 

8. A projection exposure apparatus comprising: 

an illumination optical system for illuminating a mask 
on which a px^edetebrrnined pattern is formed; and 

a catadioptric opiical system according to claim 1 for 
projecting said p^epetei^mined pattern of said mask 
10 disposed on said fii^st surface onto a photosensitive 
substrate disposed oft said Esecpnd surface. 


A projection exposure apparatus comprising; 
an illuminatiofH^E^^al^ system for illuminating a mask 
15 on which a predetermined pattern is formed; and 

w 

a catadioptric optical system according to claim 2 for 

\\ 

projecting said predetermined pattern of said mask 
disposed on said first surface onto a photosensitive 
substrate disposed on said\second surface 

20 

10. A catadioptric optical Ysystem according to claim 
2, wherein said first imaging^ptical system includes 
a lens group including at least one positive lens element 
and said catadioptric type opticali^system, and said second 

25 imaging optical system includes a refraction type optical 

\ 

system and has an aperture diaphragm. 
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11. A catadtLoptric optical system according to claim 

10, wherein an exit pupil of said catadioptric optical 
system is subsltant ially circular. 

12. A catadioptric optical system according to claim 

11, wherein the| following condition is satisfied: 

0 . 04< | fMl |/L<0 . 4 
wherein fMl is a|f acal length of said concave reflecting 
surface of said/" £irst o\ second reflecting surface, and 


id/^ first or 

/ v\ A 


L is a distan'ce ai|ong optical axis from said first 

surface to s/aid s^Pond^AcjLa^e^ 
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A catadio ; p±j>i<3 optical system according to claim 


12, wherein the following condition is satisfied; 
0 . 6< | 13 Ml | <20 
wherein (3 Ml is a magnification of said concave 

\ 

reflecting surface of \said first or second reflecting 
surface. 
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14. A catadioptric optkcal system according to claim 
13, wherein the following condition is satisfied: 

0 . 3< | )3 1 | <1 . 8 ^ 
wherein j3 1 is a magnif legation of said first imaging 
optical system. 

15. A projection exposure 1 apparatus comprising: 

an illumination optical system for illuminating a mask 
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on which a predetermined pattern is formed; and 

a catadioptric optical system according to claim 10 for 
projecting said M?^fetermined pattern of said mask 
disposed on sai^a first | surface onto a photosensitive 

/ / / 

substrate disposed? t on sai^d second surface. 
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A project vnm exposure apparatus comprising: 


an illumination// optical system for illuminating a mask 


i 


on which a predetermined pattern is formed; and 

/ 

a catadioptric optical system according to claim 11 for 
projecting sa/d predetermined pattern of said .mask 


3lai( 


disposed on slaid first surface onto a photosensitive 
substrate disposed on said second surface. 



